One of the most representative classes of polyatomic oxides is the perovskite family AB ′ 1/2 B ′′ 1/2 O 3 . Large number of works is devoted to this family, which are summarized and analyzed in the recent review by Vasala & Karppinen (2015) . In most of the available literature high pressure is used for synthesis of perovskites only in case when the perovskite structure can not be obtained under normal pressure. This is the case, for example, for PbFe 1/2 Sb 1/2 O 3 , BiFe 1/2 Sc 1/2 O 3 (Khalyavin et al., 2014) , NaM 1/2 Te 1/2 O 3 (M = Ti, Sn) (Park et al., 1999) , and CaCu 3 Ga 2 M 2 O 12 (M = Sb, Ta) (Byeon et al., 2003) . Interestingly, PbFe 1/2 Sb 1/2 O 3
and NaM 1/2 Te 1/2 O 3 (M = Ti, Sn) possess an ordered arrangement of atoms at the B-site, in CaCu 3 Ga 2 M 2 O 12 (M = Sb, Ta) both the A-and the B-sublattices are ordered, whereas BiFe 1/2 Sc 1/2 O 3 remains disordered.
In turn, SrFe 1/2 Sb 1/2 O 3 and SrFe 1/2 Re 1/2 O 3 were obtained under normal pressure with the atomic ordering degrees s = 0.5 and 0.75, respectively, whereas the highpressure synthesized samples were almost completely ordered with s ≈ 1 Retuerto et al., 2009 ). Furthermore, it was possible to obtain PbFe 1/2 Sb 1/2 O 3 with different degrees of atomic ordering s=0.17 to 0.96 by tuning the synthesis temperature and time under high-pressure conditions (Raevski et al., 2016) .
In Sakhnenko & Ter-Oganessian (2018) we introduced a theoretical model for calculation of the order-disorder phase transition temperature of B-cations in AB ′ 1/2 B ′′ 1/2 O 3 and calculated the dependence of some crystallographic properties of crystals on the degree of atomic ordering s. Among external influences, the hydrostatic pressure is distinguished by the fact that it can substantially change interatomic distances and, therefore, the cation-anion interactions, which play the principal role in cationic ordering process. In this work we extend our model to account for the effect of hydrostatic pressure on the atomic order-disorder phenomena in AB ′ 1/2 B ′′ 1/2 O 3 .
Thermodynamic potential and account for pressure
In this work we closely follow the statistical model of atomic ordering in the Bsublattice introduced by Sakhnenko & Ter-Oganessian (2018) 
where N tot is the total number of simple ABO 3 perovskite unit cells,
are the numbers of atoms B ′ and B ′′ in one of the introduced sublattices, respectively.
The elastic energies of the B ′ -O and B ′′ -O bonds denoted, respectively,
and U B ′′ O(B ′ ) can be written as
where a is the reduced cubic cell parameter corresponding to one AB ′ 1/2 B ′′ 1/2 O 3 formula unit of a generally distorted perovskite cell and u is the oxygen displacement out of (100) 
Here related to the atomic valences n A and n B of the ions A and B, respectively, through
where γ ≈ 70 N/m is a constant (Sakhnenko & Ter-Oganessian, 2018) .
In order to account for the effect of pressure P we extend the model introduced in Sakhnenko & Ter-Oganessian (2018) by constructing the thermodynamic potential
where the internal energy is written as
the entropy in the Gorsky-Bragg-Williams approximation is given by
where k is the Boltzmann constant and
is volume.
The system of equations
allows determining the equilibrium values of a and u for the given values of the order parameter s and pressure P . To the first order in P they can be represented as
where
and
From the equation ∂G/∂s = 0 one can obtain the temperature dependence of the order parameter in the vicinity of the phase transition
where, taking into account equations (7) and the relation
following from equations (12),
According to equation (22) 
Thus, for the given A-cation one can plot the regions of u 0 (s = 0) > 0 and u 0 (s = 0) < 0 in the l B ′ -l B ′′ plane as shown in Fig. 1 . Roughly, it appears that u 0 (s = 0) > 0 for B ′3+ cations larger than B ′′5+ ones, e.g., B ′ =Sc, In, Yb and B ′′ =Nb, Ta, Sb, which means that pressure suppresses atomic ordering. In turn, for smaller B ′3+ cations like Al 3+ or Ga 3+ pressure stimulates atomic ordering. The farther the point is from the delimiting line in Fig. 1 , the higher T od . Table 1 lists the order-disorder temperatures
1/2 O 3 perovskites and their pressure dependence.
It was reported that PbFe 1/2 Sb 1/2 O 3 and SrFe 1/2 Sb 1/2 O 3 synthesized under pressure of 6 GPa show almost complete order in the B-sublattice Misjul et al., 2013) . The former compound can only be obtained under pressure, whereas the latter compound can also be obtained without pressure with the ordering degree of s = 0.5. According to our results which can be accounted for in the calculations. In the present work we considered all the elements in the high-spin states and with fixed valences.
Conclusions
In the present work we extended the statistical model of B-site cation ordering in AB ′ 1/2 B ′′ 1/2 O 3 perovskites to account for the effect of pressure (Sakhnenko & TerOganessian, 2018) . Depending on specific composition, pressure can either increase or decrease the order-disorder phase transition temperature T od and the temperature change ∆T od reaches several hundreds of kelvin at 10 GPa. In many cases this can result in significant shift of T od leading to respective changes in atomic ordering degree depending on the relation of T od to the synthesis or post-synthesis treatment temperatures. To the best of our knowledge pressure is rarely used in the synthesis of perovskites if the desired compound can be obtained at ambient pressure. Therefore, we hope that (i) the present model can stimulate research of the effect of pressure on cation ordering in perovskites, and (ii) in many cases may help synthesizing perovskites with the degree of atomic ordering higher or lower than that obtained at ambient pressure.
In conclusion we would like to point out the substantial difference of the problem of 1:1 A-site cation ordering from the ordering in the B-sublattice studied in the present work. As was already pointed out by Knapp & Woodward (2006) the absence of A ′ 1/2 A ′′ 1/2 BO 3 compounds with the rock-salt type ordering of the A-sublattice is due to the geometric constraint related to the structure of the cubic phase. In the statistical model of cation-anion bonds, which we study, this constraint is due to increase of the lattice energy at 1:1 A-site ordering because of impossibility of elastic stress relaxation by the anion displacement, which preserves a centrosymmetric position in the 1:1 A-site ordered structure. However, in complex perovskites with 4.00 0.0 0 57 57 Table 2 : Reduced lattice constant a(0) at s = 0 and P = 0 and the difference ∆a = a(0) − a(1) between the disordered and ordered (s = 1) cases, order-disorder phase transition temperatures T P =0 GPa od and T P =10 GPa od at P = 0 and 10 GPa, respectively, and their difference ∆T od = T P =10 GPa od − T P =0 GPa od for some A 2 B ′2+ B ′′6+ O 6 perovskites.
Formula a(0),Å ∆a, 10 −2Å T P =0 GPa Table 3 : Reduced lattice constant a(0) at s = 0 and P = 0 and the difference ∆a = a(0) − a(1) between the disordered and ordered (s = 1) cases, order-disorder phase transition temperatures T P =0 GPa od and T P =10 GPa od at P = 0 and 10 GPa, respectively, and their difference ∆T od = T P =10 GPa Open and closed circles and stars give positions of the perovskites in the l B ′ -l B ′′ plane depending on B ′ and B ′′ cations. Four solid lines corresponding to u 0 (s = 0) delimit the regions of dT od /dP > 0 and dT od /dP < 0 for the particular A-cation.
Synopsis
The effect of pressure on the order -disorder phase transitions of B-cations in AB ′ 1/2 B ′′ 1/2 O 3 perovskites is theoretically studied and estimates are made for certain compositions. In many cases pressure can significantly increase or decrease the order-disorder transition temperature, which provides another way to manipulate cation ordering.
